Introduction 1
When a pronoun is encountered during language comprehension, the comprehender engages in processing that is described as a search for the appropriate antecedent. The memory representation of the discourse that has been processed up to that point is searched, resulting in a set of candidate antecedents. From this set, the comprehender selects the appropriate antecedent. Prior research has investigated which preceding discourse entities are considered as potential antecedents (Badecker & Straub, 2002; Clit on et al., 1997; Cowart & Cairns, 1987; Garrod & Terras, 2000; Kennison, 2003; Kennison et al., 2009; Nicol & Swinney, 1989; Sturt, 2003; Sun & Kennison, 2015; Xiang et al., 2009 ). The present research investigated how readers link refl exive pronouns (e.g., himself and herself ) with potential antecedents.
The view that structural information is used to restrict the initial set of candidate antecedents was convincingly refuted by Badecker and Straub (2002) . In a series of experiments, Badecker and Straub (2002) investigated how readers used structural information during the comprehension of pronouns. They observed that co-reference resolution of a pronoun or refl exive pronoun was infl uenced by a preceding discourse entity that was not in a structural position within the sentence permitting it to be an antecedent. Consider the sentences in [2] . [2] a. John i thought that Bill owed him i another chance to solve the problem. b. John i thought that Jane owed him i another chance to solve the problem.
6
A discourse entity occurring in the subject position of the main clause (i.e., John ) can be an antecedent for the pronoun him , i.e., it is structurally available as an antecedent. A discourse entity occurring in the subject position of the subordinate clause (i.e., Bill or Jane ) cannot be an antecedent for the pronoun him , i.e., it is structurally unavailable as an antecedent. Badecker and Straub (2002) found that reading time was longer when the gender of the structurally unavailable entity matched the gender of the structurally available antecedent as in [1a] , than when 5 the genders mismatched, as in [1b] . These results contrasted with prior research suggesting that structurally unavailable discourse entities were excluded r om the initial set of candidate antecedents (Clit on et al., 1997; Nicol & Swinney, 1989;  cf. Kennison, 2003; Sturt, 2003) .
7 Badecker and Straub (2002) found that the resolution of refl exive pronouns was also infl uenced by the characteristics associated with structurally unavailable antecedents. Consider the examples in [3] . [3] a. John thought that Bill owed himself another chance to solve the problem. b. Jane thought that Bill owed himself another chance to solve the problem.
8
A discourse entity occurring in the subject position of the subordinate clause (i.e., Bill ) can be an antecedent for the refl exive pronoun, but a discourse entity occurring in the subject position of the main clause (i.e., John or Jane ) cannot be an antecedent for the refl exive pronoun (BT's Principle A, Chomsky, 1981) . Badecker and Straub (2002) found that reading time was longer when the gender of the structurally unavailable proper name was the same as the structurally available antecedent, as in [3a] , than when the genders diff ered, as in [3b].
9
In another experiment, Badecker and Straub's (2002) failed to fi nd the same pattern of processing in sentences in which a genitive noun phrase (NP) was structurally unavailable as an antecedent for a following refl exive pronoun. They tested sentences similar to those in [4] . [4] a. Jane thought that Bill's brother owed himself another opportunity to solve the problem.
b. Jane thought that Beth's brother owed himself another opportunity to solve the problem.
0
A discourse entity occurring as the subject of the subordinate clause (i.e., brother ) is structurally available as an antecedent for the refl exive pronoun. A discourse entity occurring in the subject position of the main clause (i.e., Jane ) or occurring in the genitive NP position (i.e., Bill's or Beth's ) is structurally unavailable as an antecedent for the refl exive pronoun, as neither position c-commands the refl exive pronoun. Badecker and Straub (2002) observed no signifi cant processing diff erences between these conditions. They concluded that the genitive NP was excluded r om the initial set of candidate antecedent because it lacked prominence in the local discourse. This conclusion was viewed as consistent with prior research showing that genitive NPs are less accessible as referents than the simple NPs within the same major phrase (Gordon et al., 1999) . Interestingly, there is no consensus regarding how to determine a discourse entity's prominence. Some researchers have argued that discourse prominence is determined by order of mention in the discourse (Gernsbacher, 1990; Walker & Prince, 1996) . Gordon et al. (1999) suggests that discourse prominence varies for types of discourse entities with some types being more prominent than others. The processing of refl exives, generally, and Badecker and Straub's (2002) results involving refl exives, specifi cally, are of importance to theories in which comprehension is envisioned as a content addressable architecture (Dillon, 2011; Dillon et al., 2013; Lewis & Vasishth, 2005) . Dillon and colleagues (Dillon, 2011; Dillon et al., 2013) argued that the patterns of processing observed in studies of pronoun processing can interpreted as refl ecting interference (i.e., encoding interference ). Dillon et al. (2013) carried out a series of studies in which they compared processing time on sentences containing subject-verb agreement errors vs. grammatical control sentence with processing time on sentences containing antecedent-refl exive agreement errors with grammatical controls. For both types of constructions, they varied the characteristics of an intervening noun. Examples presented in [5] . Overall processing time was longer for ungrammatical conditions vs. grammatical conditions (i.e., a vs. b and c vs. d). The characteristics of the intervening noun manager or managers interacted with grammatically to determine reading time for sentences in which subject-verb agreement was varied (i.e., a vs. b), but not for sentences in which antecedent-refl exive agreement was varied (i.e., c vs. d). Thus, there was an intrusion eff ect when readers processed sentences containing subject verb agreement, but not for sentences containing a refl exive. In recent research, the failure to fi nd intrusion eff ects in sentences containing a refl exive have been replicated (Jäger et al., 2015) ; however, relying on evidence r om German and Swedish, the authors argue convincingly that interference occurs during retrieval rather than during encoding in sentences containing a refl exive.
3
The focus of the present research was to investigate further how antecedent search occurs during the processing of refl exive pronouns. Specifi cally, the research examined Badecker and Straub's (2002) conclusion that only those entities that are prominent in the discourse are included in the set of potential antecedents. Many researchers have recognized that discourse prominence plays a role in the comprehension of pronouns (Clit on & Ferreira, 1987; Gordon et al., 1993; Gordon et al., 1999; Grosz et al., 1995 : Gundel et al., 1993 Reinhart & Reuland, 1993) . Processing is facilitated when a pronoun is interpreted as referring to an antecedent that is high in discourse prominence (i.e., apparent importance) as compared to an antecedent lower in discourse prominence (Grosz et al., 1995; Gundel et al., 1993) . The present research specifi cally investigated the extent to which genitive NPs are excluded r om consideration in antecedent search due to their low discourse prominence. Two reading comprehension experiments were conducted in which reading time was measured on sentences containing 7 a refl exive pronoun (i.e., himself or herself ). The subject of each sentence was a complex NP containing the unambiguous antecedent for the refl exive pronoun and a genitive NP. The genders of the genitive NP and the unambiguous antecedent were either the same (i.e., matching) or diff erent (i.e., mismatching). Reading time was measured using a self-paced moving window. Sample sentences r om Experiment 1 are presented in [6] . [6] Gender Mismatching Conditions a. The executive's mother talks to herself when no one else is around. b. The secretary's father talks to himself when no one else is around.
Gender Matching Conditions c. The executive's father talks to himself when no one else is around. d. The secretary's mother talks to herself when no one else is around.
4
The impetus for the present research was the consideration of an alternative possible outcome, one in which genitive NPs are included in the set of candidate antecedents. In the present approach, it was considered possible that Badecker and Straub (2002) failed to detect an eff ect that exists. The comprehension of a pronoun in relation to an antecedent is a dynamic process unfolding over time in which discourse information is being used relatively late (Garrod, 1994; Garrod & Sanford, 1994; Garrod & Terras, 2000; Sanford et al., 1983; Sturt, 2003) . In sentence parsing research, the use of discourse information has also been shown to be used relatively late in processing of syntactically ambiguous phrases (Britt et al., 1992) .
5
In the two experiments that are reported in this paper, the type of genitive NP occurring in sentences with a refl exive pronoun was varied. In Experiment 1, the genitive NPs were noun descriptions (e.g., the executive's and the secretary's ). In Experiment 2, the genitive NPs were proper names (e.g., John or Mary ). In accordance with Badecker and Straub's (2002) claim, the processing of refl exive pronouns were expected not to be infl uenced by characteristics associated with genitive NPs, because genitive NPs are low in discourse prominence. Further, because prior research has shown that there are processing diff erences for proper names and noun descriptions in speech production (Burke et al., 1991; Cohen, 1990; Cohen & Burke, 1993) and in discourse comprehension (Sanford et al., 1988) , it was reasoned that results in Experiments 1 and 2 were considered possible. In the speech production literature, proper names are viewed as having less semantic content than descriptions, which can lead to more tip-of-the-tongue states for names than for noun descriptions. In contrast, in an investigation of the resolution of pronouns in short discourses (i.e., four sentences long with the pronoun occurring in the fourth sentence and a name or noun description occurring in the fi rst sentence), Sanford et al. (1988) found that readers' processing time was faster for proper name antecedents than noun description antecedents in discourses where the antecedent occurred three sentences back in the discourse (Sanford et al., 1988) . 
2.
Experiment 1 16 The purpose of Experiment 1 was to investigate whether genitive NPs that were strongly stereotyped noun descriptions would infl uence the processing of a refl exive pronoun occurring later in the sentence. Sixty undergraduates at Oklahoma State University participated for course credit. All were native speakers of American English and were naïve to the purposes of the experiment. Using G*Power 3.1 (Faul et al., 2007; Faul et al., 2009) , it was determined that the number of participants tested in the experiment resulted in su cient power to detect medium, large, as well as small eff ect sizes.
Materials

18
Sixteen sets of experimental sentences were constructed. Each set of sentences contained four versions. An example set of sentences is presented in Table 1 . Two versions contained the refl exive pronoun himself , and two contained the refl exive pronoun herself . The female or male antecedent was unambiguous, i.e., genderspecifi c by defi nition, such as mother and father . The gender of the genitive NP either matched or mismatched the gender of the antecedent. The genitive NP was either gender-specifi c by defi nition (e.g., groom, bride) or strongly stereotyped. The strength of the gender stereotype for each NP used as a genitive NP was obtained r om normative data reported in Kennison and Trofe (2003) . Participants rated nouns and noun compounds on a scale r om 1 ( 1 = refers mostly to females ) to 7 ( 7 = refers mostly to males ). For the genitive NPs used in the present materials, those stereotyped to refer to males and females had the following mean ratings: male: 5.58 ( SD = 0.87) and female: 2.16 ( SD = 0.85). A complete list of experimental sentences is provided in Appendix A.
Procedure
19
Sentences were presented on a cathode ray tube monitor controlled by MicroExperimental Laboratory Professional II (MEL2) on an IBM compatible microcomputer. Sentences were presented using a phrase-by-phrase self-paced moving window using preview dashes (Kennedy & Murray, 1984) . For each trial, a series of preview dashes were displayed representing each letter and space of the sentence to be presented. When the reader pressed the "/-key" for the fi rst time, the fi rst presentation region of the sentence appeared, replacing the corresponding dashes. When the reader completed reading the fi rst presentation region and pressed the key again, the second presentation region appeared, replacing the corresponding dashes; the fi rst presentation region was removed and replaced with corresponding dashes. This procedure was repeated until the last presentation region was read. Participants Reading time was measured using a moving window using preview dashes.
10
Shelia M. Kennison used the "/-key" to advance the presentation of the sentence and the "z-key" and "x-key" for YES/NO responses to comprehension questions, respectively. The session began with each participant viewing 16 practice sentences followed by the experimental set, which contained 16 target sentences randomized intermixed with 84 fi ller sentences, which did not contain any type of pronoun. Each participants viewed the sentences in a unique random order. Each sentence in the session was followed by a comprehension question. Comprehension questions for targets were straightforward, avoiding direct reference to the refl exive pronoun, the antecedent of the refl exive pronoun, nor the genitive NP. Filler sentences did not contain pronouns and contained a variety of syntactic structures. Four counterbalancing lists were used to ensure that each item was viewed in each condition equally ot en across participants. Each participant was tested individually in a private well-lit cubicle. Each session lasted between 30 and 45 minutes.
Results
20
Accuracy to comprehension questions was 95%, indicating that participants had complied with instructions to comprehend sentences. Reading times observed at each presentation region were initially trimmed; observations shorter than 100 milliseconds were eliminated. Observations longer than 3 standard deviations above or below the mean reading time for the participant were eliminated. Less than 1% of observations were removed. Table 2 displays mean reading time in milliseconds for each presentation region by condition. All ANOVAs (analyses of variance) reported in this paper were carried out using participants ( F 1 ) and items ( F 2 ) as random eff ects, following Clark (1973) . Mean reading time was analyzed for each presentation region. The two within-subjects factors were pronoun gender (i.e., himself vs. herself ) and condition (gender match vs. mismatch). Participants took longer to read the region following the refl exive pronoun in gender mismatch conditions vs. gender match conditions: F 1 (1.59) = 8.36, p = 0.005, η 2 = 0.81; F 2 (1.15) = 13.41, p = 0.002, η 2 = 0.93. There were no other presentation regions for which reading time varied signifi cantly: Fs < 2.66, p > 0.05. No other main eff ects or interactions were signifi cant.
Discussion
21
The results supported the conclusion that entities low in discourse prominence, such as genitive NPs, are not generally excluded r om the initial set of candidate antecedents. An important question remains concerning why a gender mismatch eff ect (i.e., longer reading time in gender mismatch vs. gender match conditions) was observed in the present experiment, but not observed by Badecker and Straub (2002) . The type of genitive NP that was used in the present experiment diff ered r om those used by Badecker and Straub (2002) . The genitive NPs in the prior research were gender-specifi c proper names (e.g., John , and Mary ). The purpose of Experiment 2 was to determine whether the results of the present study could be obtained when using materials similar to those used in the prior research. 
Experiment 2 22
Reading time was measured on sentences similar to those tested in Experiment 1. In the present experiment, all genitive NPs were gender-specifi c proper names, as was the case in Badecker and Straub's (2002) experiment.
Method
Participants
23
Fiy -six undergraduates at Oklahoma State University participated for course credit. All were fl uent speakers of American English and were naïve to the purposes of the experiment. As in Experiment 1, G*Power 3.1 (Faul et al., 2007; Faul et al., 2009 ) was used to determine that the number of participants tested in the experiment had su cient power to detect medium, large, as well as small eff ect sizes.
Materials
24
Sixteen sets of experimental sentences were constructed. Each set of sentences had four versions. Two versions contained the refl exive pronoun himself , and two contained the refl exive pronoun herself . The female or male antecedent was by defi nition male or female (e.g., sister, brother, mother, father, etc.). The genitive NP 2.
Region 1 contained the genitive NP. Region 2 contained the antecedent. Region 4 contained himself or herself . * ps < 0.01. The procedure was the same as in Experiment 1.
Results and discussion
26
Reading times for each presentation region were initially trimmed for outliers, using the same procedure as used in Experiment 1. Less than 1% of observations were removed. Table 3 displays mean reading time in milliseconds for each presentation region by condition. Mean reading time was analyzed for each presentation region using type of refl exive pronoun and condition, condition (i.e., mismatch vs. match), and pronoun gender (i.e., himself vs. herself ). The results of Experiment 2 replicated the results of Badecker and Straub (2002) . There was no evidence that genitive NPs infl uenced the time that readers took to resolve the refl exive pronoun. Gender mismatch conditions were not read signifi cantly slower than gender match conditions at any region: Fs < 2.92, ps > 0.10. No other main eff ects or interactions were signifi cant. The results diff er with those observed in Experiment 1 in this paper in which reading time following the refl exive pronoun was signifi cantly longer with the gender of the genitive NP mismatched the gender of the antecedent and refl exive pronoun than when the genders matched. The present research investigated how readers carry out antecedent search during the comprehension of refl exive pronouns. Of particular interest was Badecker and Straub's (2002) conclusion that during the resolution of a refl exive pronoun, readers would not consider a previous genitive NP as a candidate antecedent, due to its low discourse prominence. The results call into question this conclusion, because in Experiment 1, readers' resolution of a refl exive pronoun was infl uenced by characteristics associated with a preceding genitive NP. Readers took longer to process refl exive pronouns when the genitive NP mismatched the gender of the pronoun and antecedent as compared with the three entities matched in gender. In Experiment 2, the genitive NPs were proper names, as they were in the studies conducted by Badecker and Straub (2002) . No eff ect of the genitive NP was observed on the time taken to process the refl exive pronoun.
8
These results support a theory of pronoun comprehension in which the set of candidate antecedents is not restricted based on the discourse entity's structural relationship with the pronoun or refl exive pronoun, the discourse entity's prominence in the discourse, or the discourse entity's lexical gender compatibility with the refl exive pronoun. These sources of information as well as other sources of information most certainly infl uence the subsequent stages of processing involved in co-reference resolution. Garrod and colleagues (Garrod, 1994; Garrod & Sanford, 1994; Garrod & Terras, 2000; Sanford et al., 1983; Sturt, 2003) provide excellent suggestions for what these subsequent stages of processing are likely to include. They have proposed the two stages of processing: a) bonding and b) resolution. Bonding occurs when a link is made between the pronoun or refl exive pronoun and one or more candidate antecedents. Resolution involves the evaluation of a link created during the bonding phase and the integration of the link into the semantic interpretation of the sentence. Resolution may also involve re-computation of a link, if it is found to be implausible. The resolution phase may result in a link being successfully integrated into the semantic interpretation of the sentence. Kennison (2003) has proposed an additional stage in which the comprehender may decide to halt antecedent search. This stage is necessary, as there can be circumstances in which there is no antecedent available in the discourse or circumstances in which none of the available links are successfully integrated into the semantic interpretation of the discourse. In these circumstances, comprehenders can halt the search for an antecedent, choosing to move forward in the discourse. At the point that antecedent search is halted, the comprehender may infer that the pronoun or refl exive pronoun refers to an unmentioned entity, or they may maintain multiple possible links until later context can be found to support one of the links as the intended antecedent.
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The gender mismatch eff ect that was observed in the present experiment may have occurred because of evaluation processing occurring at er comprehenders formed a link between the refl exive pronoun and the antecedent. The evaluation of the established co-reference link may have been infl uenced by the presence of (Bock & Miller, 1991; Bock & Eberhard, 1993) have shown that relationship between the lexical features of noun phrases within complex noun phrases can infl uence performance in language processing tasks. When the grammatical number associated with nouns within a complex NP mismatched, more speech production errors were observed than when the grammatical number of the nouns matched. Interestingly, the mismatching genders of the genitive NP and the head noun of the phrase did not lead to signifi cantly longer reading time as compared to when genders matched as readers processed the phrase itself. The gender mismatch eff ect occurred only later when readers comprehended the pronoun.
0
The results add to the literature with regard to processing diff erences between proper names and noun descriptions. In Experiment 2, when genitive NPs were proper names, the process of antecedent search was not aff ected in a way that could be detected. On one hand, this may mean that during processing, interference related to proper names is smaller and more di cult to detect in processing studies. Prior research has suggested that proper names are labels without meaning (Cohen & Burke, 1993) ; thus, proper names diff er in the amount of semantic content than noun descriptions (e.g., doctor and nurse ). Other research has shown that people have di culty learning and remembering proper names (Burke et al., 1991; Cohen, 1990) . In contrast, here is also prior research by Sanford et al. (1988) , showing that in short discourses, pronouns occurring in the fourth sentence of a discourse were comprehended faster when linked with a proper name antecedent than a noun description antecedent when the antecedent was in the fi rst sentence of the discourse. Future research is needed to investigate further how the processing of proper names and noun descriptions diff ers. This research is needed to develop a comprehensive theory of co-reference resolution.
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Future research is also needed to explore further how readers carry out antecedent search for refl exives, specifi cally whether interference eff ects are related to encoding (Dillon et al., 2013) or retrieval (Jäger et al., 2015) . Such research may be able to explain why the gender mismatch eff ect observed in the present research occurred relatively early in the processing of the refl exive while the gender match eff ect reported in Badecker and Straub's (2002) Experiment 3 occurred relatively late in processing, two regions at er the refl exive pronoun. One possibility is that readers must always decide when to terminate antecedent search processes (see Kennison, 2003) . In Badecker and Straub's (2002) experiments, readers may have taken longer to terminate antecedent search when the set of candidate antecedents contained a discourse entity whose gender matched the pronoun or refl exive pronoun. Following this explanation, the gender mismatch eff ect and the gender match eff ect are caused during diff erent stages of processing during co-reference resolution: the gender mismatch eff ect occurring early on during the stage of bonding or resolution and the gender match eff ect occurring later during processing. It is also possible that the decision to terminate antecedent search can be infl uenced by task demands and participants' individual diff erences (e.g., average processing speed, working memory capacity, personality, and possibly others). Task demands would certainly vary between experiments in which participants process only grammatical sentences and experiments in which participants process both grammatical and ungrammatical sentences (Dillon et al., 2013) . Generally speaking, participants who experience ungrammatical sentences during an experimental session may be inclined to terminate antecedent search sooner on a given trial than those participants who experience only grammatical sentences in a session. Participants' level of engagement in the task may be reduced by the presence of ungrammatical trials in the session. When comparing results r om experiments involving only grammatical sentences, participants' level of engagement may also infl uenced by the percentage of trials on which comprehension questions occur. In the present research, they occurred at er every trial. In Badecker and Straub's (2002) studies, they occurred on only 25% of the trials.
2
In sum, the results reported in this paper support a view of co-reference resolution in which readers generate a set of candidate antecedents that includes all previously encountered discourse entities. Readers do not appear to use information about the discourse entities' discourse prominence, structural position or lexical compatibility with the refl exive pronoun to restrict the set. However, it is suggested that readers use these sources of information during subsequent stages of processing. Such stages of processing may include forming links between referents and their structurally available antecedents, in integrating the interpreting of those links into the discourse representation, and in deciding to halt the search for an antecedent.
